in SGPT activity. Of the 6, four had halothane, which is not significantly more than the expected number.
It is, of course, not possible to draw firm conclusions from the present sample size but, so far, the association of halothane with abnormal post-operative SGPT activity is no greater than that of other anasthetic agents. Indeed, abnormal SGPT activity appears to be related more to the surgery, particularly to surgery of the biliary tract, than to the anesthetic agent.
While halothane for the present may have to remain in the dock, I feel it is only a question of time before the combined statistical and biochemical approaches to assess the hepatotoxicity of anaesthetic drugs will provide sufficient evidence to ensure its acquittal. The development of a successful technique for culturing the virus of infective hepatitis could well result in an earlier discharge. I do not, however, share the same confidence with regard to chloroform, except when used for procedures of very brief duration.
Acknowledgments: I should like to record my thanks to the various members of my department who have participated and are participating in these trials and, particularly, to my senior registrar, Dr When the question of halothane as a causative agent in post-operative hepatic necrosis was first raised seriously in the USA early in 1963, attempts were made to investigate it. Three approaches were adopted: laboratory studies in animals were resumed; the initiation of prospective studies of liver function before and after anaesthesia were encouraged and, as an interim measure, because prospective studies would take time, it was decided to seek the co-operation of anxsthetists in retrospective investigations. It is emphasized that we knew full well the pit-falls in drawing conclusions from retrospective studies. Nevertheless, it was believed that they could help to answer the following urgent questions: (1) Was hepatic necrosis following halothane so common that every anesthetist in the country may have encountered a case or more, but had not thought it to be worth reporting on its own? (2) What was the incidence of death due to unexplained hepatic necrosis following surgery irrespective of the anaesthetic agent? Without the answer to this question, it was difficult to assess the meaning of any figures relating to halothane.
Enquiry to Anwsthetists In April 1963 a brief form was sent to 1,500 aneesthetists which elicited over 1,000 replies. The replies notified us of 40 suspected cases, and a further 7 had been added by November 1, at which date it was decided to call a halt and analyse the information we had collected. The 47 cases were followed up, either by a personal visit or by correspondence which asked for further detailed information relating to the history, type of surgery, premedication, other drugs, depth and duration of anaesthesia, and so on.
Analysis
What was evident from the published cases was confirmed: that hepatic involvement bore no relation to the depth or duration of the anaesthetic and that there was no consistency in the time interval between operation and development of symptoms. Table 1 represents a separation of 44 of the cases under headings which were thought to have a possible causative influence. The 3 remaining cases were notified on forms which were unsigned and it was not possible to follow them up. Multiple halothane an2sthesia 20 3 anonymous reports could not be followed up It was thought that pre-existing liver disease might prove to be important but it is doubtful whether our figures indicate this. In our follow-up of cases, it was interesting to learn of a case of alcoholic cirrhosis in which jaundice developed following two successive halothane administrations but not following a third. It seems possible that it is the traumatic or metabolic upset caused by surgery rather than anesthesia itself which may be dangerous to patients with liver disease.
That radiotherapy to the pelvic tissues may be a precipitating factor has been suggested by Ashton et al. (1963) . However the survey by Samrah (1963) refuted this and an analysis of records at the Christie Hospital, Manchester, where halothane is used routinely for radium seed implantation, was likewise negative (Easson 1963, personal communication). Popper & Schaffner (1959) listed 70 drugs which have been reported to cause liver damage. Most of the cases had received one or more of these but there were no drugs common to all cases.
The relatively high proportion of patients who had received more than one administration of halothane is noteworthy. Blood transfusion given I l 7
Multiple halothane an&sthesia 9 11 3 anonymous reports could not be followed up It is theoretically possible that a virus acquired at the time of the first operation could have accounted for a number of the cases but there can be no way of proving this.
In Table 2 the cases have been divided into two groups according to probabilities. Group 1 consisted of 25 cases in which there seemed to be an obvious or a more likely cause for the liver damage than halothane. Some reasons were: multiple transfusions in a moribund patient, portal sepsis, liver secondaries, infectious hepatitis, &c. In Group 2 (19 cases) there was no obvious cause. This assessment was agreed between the aniesthetist concerned and ourselves.
With the exception of radiotherapy, the cases fall out similarly under the various headings in the two groups. If, for instance, multiple anesthetics had been a factor, one might expect them to have featured much more frequently in Group 2. On the other hand, separation of the cases into two groups may not have been justified on the basis of the criteria selected. Table 3 compares the cases reported to us with those published in -the world literature. There seems to be no significant difference in the breakdown under various headings. Indeed the similarity between the groups is rather striking.
Study ofPost-mortem Records
The second facet of our retrospective studies was concerned with post-mortem records. Five hospitals searched post-mortem records for cases where hepatic necrosis seemed to have been a cause of death. We were concerned only with surgical cases in which jaundice was present at the time of death and in which clear-cut liver damage was found at post-mortem examination. In the great majority of cases a clear reason for the liver condition existed but, in a few, there was no clear reason and the case records of these cases were analysed in detail and separated into two groups according to whether they had received halothane or not. Many cases had to be rejected because the anaesthetic agent administered had not been recorded. Table 4 summarizes the findings on the remainder. In view of the possibility that observer bias influenced case selection, a statistical comparison of the two groups is not warranted but, it would appear, death due to unexplainable post-operative hepatic necrosis occurs irrespective of the anesthetic agent administered. When seeking a reason for this, infective hepatitis must be considered: taking a conservative estimate of the annual incidence of this disease (40 per 100,000) coincidence with the post-operative three weeks could theoretically have occurred in some 600 patients who have received halothane since its introduction in 1957. One might add that infectious mononucleosis is also a common disease which can present with jaundice.
It is unfortunate that studies of the histopathology of liver sections taken after death seem to be so unhelpful in deciding the nature of the causative agent. Sections from 8 cases have been examined. Of these, I (from Guy's Hospital) was typical of a chemical agency causation; another, the only biopsy specimen (from Whiston Hospital), our pathologist thought to present a textbook picture of infective hepatitis, though the hospital pathologist disagreed with this. The other 6 presented a varied pattern without common features and were unclassifiable with any degree of certainty.
Conclusions
(I) Though additional cases have no doubt occurred, been attributed to another cause and then forgotten, the total number of cases of liver damage reported privately and in the medical press is much less than one might have expected from coincidence of infective hepatitis with the post-operative period.
(2) The diverse nature of the clinical picture and of the histopathology of the liver sections from fatal cases argues against a single cause.
(3) If halothane can cause hepatic necrosis in some cases, then the mechanism of production must be some peculiar unpredictable hypersensitivity reaction. If we accept this, then the risk of hepatic necrosis occurring must be extremely low, much less than I in 100,000, and this has to be weighed along with other risks which the anxsthetist assesses when deciding what agents to use for a particular surgical case. (4) A study of post-mortem and case records from five hospitals discloses that death from unexplained hepatic necrosis occurs following operation irrespective of the anmsthetic agent given. More data are needed before any firm conclusions relating to this can be drawn.
Dr H B Dodweli (London)-said that many years ago, at a meeting of this Section, a number of cases were listed of delayed chloroform poisoning, the majority of which terminated fatally. Most of the patients had been multiparne, failed forceps cases under chloroform in their own homes, who were admitted to hospital for instrumental delivery, again under chloroform.
At the time it had been suggested that a deficiency of animal protein had been a predisposing factor in the toxaemia, since many of the women were the wives of unemployed or of very low-paid workers and so probably undernourished.
Dr Dodwell had wondered whether there had been a lowered plasma-protein content. Could such deficiency play a part in the type of case now under review ?
Dr M D Vickers (Newcastle upon Tyne) said that he found difficulty in understanding what was meant by 'sensitivity' in this context. The term had been used to suggest a mechanism for the hepatitis-like injury seen in some patients receiving certain monoamine oxidase inhibiting drugs, but he felt that an analogy between these drugs and halothane was scarcely justified. Even if one put aside the growing belief that the hepatitis attributed to monoamine oxidase inhibitors had in fact been a manifestation of infectious hepatitis (Sargant 1963) , it was not difficult to visualize that these drugs, with their potent and persistent intracellular actions could in some way develop antigenic potential. But it was not so easy to visualize a similar response to halothane, a chemically unreactive compound which had hitherto been believed not to enter into metabolic processes in the body (Duncan & Raventos 1959) .
He asked Professor Sherlock if she could clarify this aspect of the problem any further. Dr 0 P Dinnick -(London) stated that he had reviewed twelve years' consecutive post-mortem records at the Middlesex Hospital, in an attempt to ascertain the incidence of post-operative acute massive necrosis of the liver. This condition, by which he implied widespread destruction of the liver parenchymal cells, was described in only 22 of the 4,659 post-mortem reports.
Fifteen of these patients had not had an anaesthetic in the six months before their death, and infective hepatitis was the clinical diagnosis made in the majority of them. Of the 7 who had received an anmsthetic in the same period, only 2 died soon after the operation. One of these was typical of the classical picture just described by Dr Dodwell in that she had had a prolonged domiciliary chloroform anmsthetic for obstetric forceps and died three days later in hospital. The other died five days after a Wertheim's hysterectomy and her third halothane an.sthetic. Two further patients died five weeks after receiving halothane. In both of them the post-operative course, which included severe intraperitoneal and chest infections, was exceptionally stormy.
He suggested that an additional factor might have been operative in many of the reported cases, as well as in 3 of his own patients (Vickers & Dinnick 1964, and in preparation) who had had more than one halothane anmsthetic, because the jaundice had first appeared after the most severe operation that they had undergone.
He wondered whether it was not the metabolic insult of a major surgical procedure rather than 'sensitivity' to the anmesthetic, which exacerbated a 'latent' infective hepatitis during the incubation period of this disease. He would appreciate Professor Sherlock's comments on this suggestion, particularly in the light of her previous observations (Shaldon & Sherlock 1957 ) that surgery had an adverse effect on the course of chronic viral hepatitis.
Dr Rollason said that reference had recently been made to the fact that the hepatic cells which suffer damage as a result of the so-called halothane sensitivity phenomenon were mesenchymal cells. He would like to ask Professor Sherlock where these cells were to be found and what were their functions. Were mesenchymal cells found in other organs, which, like the liver, are developed from the endoderm ?
Professor Sherlock, in reply to discussion, said that delayed chloroform poisoning was particularly encountered in malnourished obstetric patients, especially with prolonged vomiting. This aspect was emphasized particularly by Professor H L Sheehan in his writings.
Needle biopsy material was by far the most useful in showing the effect of a possible injurious agent on the liver. Autopsy sections were often useless because of tissue autolysis; this was particularly rapid in patients dying of liver failure.
The term 'hypersensitivity' was a poor one if applied to this type of drug reaction. If it were based on a true hypersensitivity state, then the drug must be acting as an antigen in combination with one of the body proteins. 'Hypersusceptibility' or 'individual sensitivity' would be better terms.
The liver did contain mesenchymal cells in the form ofsupporting fibroblasts, mainly in the portal zones and the components of the reticuloendothelial system such as Kupffer and round cells.
Electron microscopy had been used in virus hepatitis but had added little in the hunt to find the cause. 'Virus particles' were reported in the liver cells but these were almost certainly altered glycogen granules and did not represent the causative agent of the disease.
It was impossible to be sure whether the operation might or might not be exacerbating an underlying virus hepatitis. Halothane was never given without an operation! Any surgical procedure would reduce liver function and this, of course, was particularly obvious if the patient had underlying liver disease.
